Introduction
The sella point constitutes a critical reference point in cephalometric analysis of dentofacial morphology. The shape of the sella turcica changes during growth by apposition at the tuberculum sellae, and resorption at the posterior boundary of the sella turcica occurs up to the age of 16-18 years. 1, 2 The sella turcica area is a critical point for the migration of neural crest cells to the frontonasal and maxillary area during embryologic development. Therefore, neural crest cells are involved in the formation and development of both the sella turcica and the teeth. 3, 4 The sella turcica is of vital importance in the field of orthodontics. The anterior wall of the sella turcica is submit your manuscript | www.dovepress.com
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Baidas et al helpful in predicting patient growth, assessing the craniofacial morphology, and superimposing serial cephalograms. 5 Additionally, orthodontists should be aware of and familiar with the morphologic variations of the sella turcica that help in understanding the underlying pathologies associated with it. One common morphologic variation of the sella turcica is sella turcica bridging. This irregular bridge formation of the sella turcica results from excessive ossification of the dura mater between the anterior and posterior clinoidal processes of the sphenoid bone. [6] [7] [8] Hence, the sella turcica bridge can be considered as a developmental anomaly. In healthy individuals, the frequency of sella bridging ranges from 1.1% to 13%. The anteroposterior diameter of the sella turcica varies from 5 to 16 mm and the vertical depth from 4 to 16 mm. 9 According to the theories stating that HOX hedgehog gene mutations have a negative impact on the development of the midface, teeth, and part of the sella turcica, any alteration in the developmental level could result in sella turcica bridging that might also lead to dental anomalies. 3 Kjaer 10 reported that abnormalities in the anterior wall of the sella turcica appear to be associated with defects in the frontonasal field. Furthermore, about half of the patients with cleft lip and palate 11 and almost half of the children with malocclusion have sella turcica abnormalities. 12 All these findings confirm a genetic basis for sella turcica bridging.
Maxillary canine impaction is a dental anomaly found in 1%-2% of orthodontic patients, with a higher prevalence in female patients. 13 This anomaly has multifactorial etiologic causes, and the guidance and genetic theories are most commonly cited to explain the etiology of maxillary canine impaction. 14, 15 According to the genetic theory, palatally impacted maxillary canines are likely to occur in combination with other genetic variations such as submerged deciduous molars, hypoplastic enamel, mandibular premolar aplasia, and diminutive maxillary lateral incisors. 15, 16 Therefore, early diagnosis and intervention for impacted canines can reduce the duration, expense, and complexity of treatment in the permanent dentition.
Many studies have linked sella turcica bridging to multiple hereditary developmental syndromes affecting the craniofacial region, and also many local dental anomalies such as tooth transposition, hypodontia, and missing mandibular second premolars. 17, 18 However, little research is available on the association between palatal canine impaction and sella turcica bridging, even though the dimensions of the sella turcica have a significant impact on bridging. 19, 20 There is increasing interest in the area of craniofacial dysmorphology, and in establishing the shape and size of the sella turcica to develop a standard for describing abnormal morphology in different skeletal patterns. Few studies have been done in this area, although the diameter of the sella turcica was found to be significantly greater in Class III subjects than in Class II subjects, 21, 22 and the depth of the sella turcica was reported to be smaller in Class II subjects than in Class I subjects. 11 Accordingly, the objectives of this study were to test the association between sella turcica bridging with canine impaction, and to compare the linear dimensions and size of the sella turcica in subjects with palatally impacted vs. erupted canines in skeletal Class I and Class II subjects. The morphologic shape of the sella turcica in subjects with palatally impacted vs. erupted canines was also analyzed.
Methods
This retrospective study was conducted to determine the association between palatal canine impaction and sella turcica bridging in patients seeking orthodontic treatment at King Saud University College of Dentistry in Riyadh. Approval from the ethical committee of the College of Dentistry Research Center at King Saud University was obtained (registration No. IR0155). Patient consent was not required for this particular study by the ethics committee of the College of Dentistry Research Centre as all patients sign a consent form when they open a file at the College of Dentistry/King Saud University. The signed form states that all records, radiographs, photographs, and so on are the property of the hospital and may be used for teaching, clinical demonstration, or scientific publication.
Pretreatment records of subjects with impacted canines were collected from orthodontic patients visiting the dental screening clinics in the past 5 years from the College of Dentistry at King Saud University. Subjects with good quality standardized lateral cephalograms with a crystal-clear image of the sella turcica were included in the study, and individuals with significant illnesses or medical conditions were excluded. The impacted canines were diagnosed from dental panoramic radiographs, and the buccopalatal position was confirmed using the horizontal parallax technique (two periapical radiographs with a 45° shift) or the vertical parallax technique (dental panoramic radiograph and anterior occlusal radiograph).
The cephalometric radiographs of 54 controlled patients (control group) and 62 patients with a palatally impacted canine (study group), aged 12-25 years, were used in this study. The radiographs were distributed according to skeletal type: Class I control group (29) , Class II control group (25) , Class I study group (35) , and Class II study group (27) 
181
Sella turcica and palatal canine impaction was based on the ANB angle. The ANB angle revealed the severity of the skeletal jaw discrepancy, regardless of which jaw was malformed. The skeletal pattern was categorized as follows: angles of ±2° were classified as Class I and angles of >4° as Class II. 23 To overcome the limitations of the ANB angle in describing the severity of the jaw discrepancy, Wits analysis was used (if AO-BO is 0-4 mm, it is classified as a Class I skeletal base; if AO-BO is >4 mm, it is classified as Class II). The ANB angle and Wits analysis designate only the degree of the skeletal jaw discrepancy, regardless of which jaw is malformed. 24 Cephalometric tracing and measurements of the sella turcica
The sella turcica was traced on each cephalometric radiograph on thin acetate paper under optimal illumination in a dark room. The sella turcica was drawn as a U-shaped structure from the tip of the tuberculum sella to the tip of the dorsum sellae. The configuration of the sella turcica included the sella turcica floor, the tuberculum sella, the dorsum sellae, and the anterior and posterior clinoid processes. The measurements were made to the nearest 0.1 mm. The linear dimensions were measured using the methods of Silverman 25 and Kisling. 26 All reference lines used in the current study were located in the mid-sagittal plane (Figure 1 ). 
Bridging of the sella turcica
The sella turcica length and diameter were compared using the standardized scoring scale developed by Leonardi et al.
Shape of the sella turcica
Six different morphologic appearances of the sella turcica devised by Axelsson et al 9 were applied to determine the variations in the shape of the sella turcica ( Figure 2 ).
Reliability of measurements
All the dimensions were measured by one investigator to reduce errors caused by intraoperator variability. Fifteen lateral cephalometric radiographs were chosen at random and traced, and then retraced after an interval of 3 weeks under identical conditions. The intraclass correlation coefficient, which is a function of these components, is a widely accepted index of measurement reliability. 
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Statistical analysis
All statistical analyses were performed with SPSS software (Version 22, SPSS Inc., Chicago, IL, USA). The linear dimensions of the sella turcica between the control and study groups, and within the skeletal classifications and different age groups, were compared using two-way analysis of variance (ANOVA) followed by Student's t-test. Regression analyses were also used to test the interrelationship of the variables, subject groups, skeletal type, and age, with the linear dimensions of sella turcica. The association between sella turcica bridging in the study group and the control group, stratified by skeletal class, was evaluated using the chi-square test. Significance was calculated at a level of <0.05.
Results
Random errors were assessed using the intraclass correlation coefficient. The difference between the first and second measurements of the 15 radiographs was not significant and had high reliability (0.86-1.00), which shows good reproducibility of the retraced radiographs. Data on the skeletal classification distribution of the study group (with palatally impacted canines) and the control group are presented in Table 1 . The sample consisted of 116 cephalometric radiographs selected from King Saud University orthodontic clinic: 54 in the control group (46.6%) and 62 in the study group (53.4%). About 55% of the samples were skeletal Class I and 45% were Class II.
Size of the sella turcica
The linear dimensions of the sella turcica are presented in Table 2 . The mean length, diameter, and depth were 7.19, 10.59, and 8.02 mm in the study group, and 9.18, 11.35, and 8.92 mm in the control group, respectively. The length, diameter, and depth of the sella turcica were significantly smaller in the study group than in the control group (P<0.0001, P=0.015, and P<0.0001, respectively). No significant differences were found in the linear dimensions of the sella turcica between skeletal Class I and Class II.
The average length, diameter, and depth of the sella turcica in the study and control samples, stratified by skeletal classification, are shown in Table 3 . A two-way ANOVA test and an independent t-test were used to compare the linear dimensions of the sella turcica between the study and control groups with skeletal classification (Class I and Class II). No significant differences were found in linear dimensions of the sella turcica between skeletal Class I and Class II in either the study or the control group. However, highly significant differences were found in the length and depth of the sella turcica (P<0.0001, P=0.005, respectively) between the study and control groups in skeletal Class I subjects. Furthermore, the Class II study group had a significantly smaller length, diameter, and depth compared to the control group (P<0.0001, P=0.015, P<0.0001, respectively).
The regression analysis demonstrates the interrelationship between the variables, subject groups, skeletal type, and age, with the linear dimensions of the sella turcica ( Table 4 ). The result of the regression model revealed that age was significantly related to length (P=0.025), diameter (P<0.0001), and depth (P <0.0001) of sella turcica. However, the study group showed a highly significant decrease in length and depth of sella turcica by 1.818 mm (P<0.0001) and 0.704 (P=0.002), respectively, compared to the control group when other variables are controlled. Additionally, in skeletal type Class II, the length and depth of sella turcica increased significantly by 0.832 mm (P=0.017) and 0.472 mm (P=0.038), respectively, compared to Class I, when other variables are fixed.
Bridging of the sella turcica
The occurrence of partial and complete bridging (Type II and Type III) in the study sample was 67.8% compared to 
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Sella turcica and palatal canine impaction the control sample at 26%. Chi-square tests confirmed that there was a significant association (P<0.0001) between sella turcica bridging and the presence of palatally impacted canines (Table 5) . Chi-square tests were used to compare the incidence of bridging between the study and control samples in both Class I and Class II relationships ( Table 6 ). The frequency of bridging was found to be significantly higher in the study group than in the control group in both skeletal Class I and Class II subjects (P<0.001, P=0.044).
Shape of the sella turcica
The morphology of the sella turcica appeared to be normal in 56.4% of subjects regardless of age or skeletal type (Table 7) . Variation in the morphologic appearance was present in 43.6% of subjects. An irregular dorsum sella was found in 17.2%, while a double contour of the floor, sella turcica bridging, an oblique anterior wall, and a pyramidal shape of the dorsum sella were present in 8.6%, 7.7%, 5.2%, and 5.2%, respectively. Chi-square test confirmed no association in the shape of the sella turcica between the study and control groups.
Discussion
The structure of the sella turcica can be seen on lateral cephalometric radiographs, and it is routinely traced as a part of cephalometric analysis. The morphology of the sella turcica is important in establishing a cephalometric reference point. The sella turcica is used for evaluating not only craniofacial 
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Baidas et al morphology, but also growth changes and orthodontic treatment results. 27 This retrospective study aimed to investigate the association of sella turcica bridging with palatally impacted canines in skeletal Class I and Class II orthodontic patients, and to correlate the size, and determine the shape of, the sella turcica in the same subjects. To our knowledge this type of study has not been previously undertaken in Saudi orthodontic patients.
The size of the sella turcica
The linear measurements (length, depth, and diameter) of the sella turcica in the present study differed from those of previous studies. 9, 21, 28 Quakinine and Hardy 28 studied 250 sphenoidal blocks obtained from cadavers of different ages. They found that the average diameter of the sella turcica was 12 mm, the average length was 8 mm, and the average depth was 6 mm. The length and depth measurements were smaller than the average dimensions in our samples. Some authors reported that the height of the gland was 2 mm shorter than the actual depth, which infers that the gland does not fill the whole volume of the sella turcica, and this should be considered during measurements. Axelsson et al 9 reported a similar result in a Norwegian sample (age 6-21years). The linear dimensions in our sample were on average smaller than those in the Norwegian subjects. A study undertaken by Alkofide 21 in Saudi subjects reported linear dimensions that were on average 0.63-3.03 mm larger than our sample.
These differences in measurements could be attributed to the differences in ethnicity in Axelsson et al's study 9 and to differences in sample size in Alkofide's 21 study, taking into consideration that the studies compared subjects with impacted canines and subjects with normally erupted canines.
Many studies have compared the skeletal type of individuals with sella turcica size to determine if a relationship exists. Skeletal type and linear measurements of the sella turcica were assessed, and no differences were found in the length, depth, and diameter between skeletal Class I and Class II subjects. This finding was in agreement with other studies. 21, 29, 30 In contrast, Prarthna et al 11 found a significant difference between Class I and Class II subjects in the depth of the sella turcica, with the smaller depth occurring in Class II subjects.
According to our study, subjects with a palatally impacted canine had a significant decrease in the linear dimensions of the sella turcica when compared to the control. These findings conflict with the studies of Najim and Nakib 19 and Ali et al, 20 who found that the length of the sella turcica was smaller in subjects with impacted canines, whereas the depth and diameter were not significantly different between the study groups.
In the present study, we found that the parameters length, diameter, and depth increase with age, and correlation between the age and the linear measurements was found to be statistically significant. These findings coincide with the findings of Kumar and Govindraju 31 who found that the size of sella turcica increased with age. Axelsson et al 9 and Alkofide 21 showed that the sella turcica was larger in older subjects, and that the tendency for size to increase with age was a result of an increase in the diameter and depth while the length remained constant. When the effect of age on sella turcica of subject with an impacted canine was studied, the length and, to a lesser extent, depth of the sella turcica were consistently smaller than the control group. It is in agreement with Najim and Nakib's study. 19 Considering that the length of the sella turcica remains almost unchanged with age, children 
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Sella turcica and palatal canine impaction in whom the length of the sella turcica is small compared to the diameter and depth should be followed up because they may be at greater risk of bridging and the consequent dental anomalies. Possible reasons for these differences in values between studies could be attributed to the different ethnicity of the study samples, or differences in the method of measurement.
Bridging of the sella turcica
Calcification of the diaphragma sellae, observed radiologically, has been described as "bridging" of the sella turcica. It is considered to be a normal variant in the absence of clinical signs or symptoms. 32 While many pathologic processes can be associated with this calcification, it has been suggested that calcification of the diaphragma sellae can occur at an early stage of development, and then may ossify in early childhood. This ossification could stem from the complex embryology of the sphenoid bone. 27, 33 According to this theory, a sella turcica bridge should be considered a developmental anomaly. Furthermore, the area anterior to the sella turcica in the early embryonic period develops predominantly from neural crest cells, so any structural deviations in the anterior wall are thought to be associated with deviations in facial skeleton development. 34 In the present study, the prevalence of sella turcica bridging was investigated in a group of patients with palatally impacted canines and compared with normal subjects. The results showed a high frequency of sella turcica bridging in subjects with impacted canines, as reported by other studies. Leonardi et al 17 found an increased incidence of partial bridging of the sella turcica in patients with dental abnormalities (58.8%) vs. a control group (33.7%), and a frequency of 17.6% for complete bridging. Another study by Leonardi et al 18 showed an increased frequency of partial and complete bridging in subjects with dental transposition. Our findings were consistent with those of Najim and Nakib 19 who found that bridging occurred 70% more frequently in subjects with palatally impacted canines. Ali et al 20 reported an 80.6% incidence of partial and complete bridging in subjects with palatally impacted canines; this was higher than the incidence found in our study. The difference in result could be a result of differences in sample size and sample population.
The increased frequency of complete and partial bridging of the sella turcica in subjects with palatal canine impaction provides a further indication of a genetic basis for this condition. Because bridging in this region can appear during early childhood, it may provide a predictor to the early diagnosis of some conditions or act as a diagnostic aid of susceptibility to palatal canine impaction or other dental abnormalities.
Certainly, the findings of this study showed that subjects with calcification in the region of the sella turcica are at potential risk of developing palatal canine impaction. Diagnosis of sella turcica bridging should be approached with care, because fusion between the anterior and posterior clinoid processes can be assumed from the radiographic superimposition of these structures when there is no actual bony fusion. 9, 27 In the present study, if bony fusion had occurred, it would be expected to affect both the study and control groups, which was not the case. Even though the majority of sella turcica bridges are detectable early in life, in some cases, calcification develops over time and might only be observed on lateral cephalometric radiographs taken at a later stage.
Thus, sella turcica bridging highlights the risk of future palatal canine impaction, especially in children with a history of canine impaction in their parents or siblings. The findings suggest that watchful monitoring is needed for canine eruption in patients diagnosed with sella turcica bridging.
Shape of the sella turcica
Different shapes of the sella turcica have been reported in the literature. [35] [36] [37] [38] Gordon and Bell 35 classified the sella turcica into circular, oval, and flattened, or saucer shaped, and most subjects had either a circular or a oval-shaped sella turcica. Davidoff and Epstein 39 introduced the term "J-shaped" sella, and Fournier and Denizet 40 used "omega sella" as a descriptive term. Other classifications are based on the contours of the sella floor, the angles formed by the contours of the anterior and posterior clinoid processes and the tuberculum sellae, and the fusion of both clinoid processes as a sella turcica bridge. 27 Axelsson et al 9 categorized the shape of the sella turcica into six main types: normal sella turcica, oblique anterior wall, double-contoured sella, sella turcica bridge, irregularity (notching) in the posterior part of the sella, and pyramidal shape of the dorsum sellae (Figure 2 ). An alteration in the shape of the sella turcica can be deceptive because it may be present in "normal" subjects 35 as well as in medically compromised subjects, such as those with craniofacial deviation and spina bifida. 27 In the current study, 56.4% of subjects appeared to have a normal-shaped sella turcica, while 43.6% presented with different aberrations. The frequency of normal morphology of the sella turcica in the present study was slightly lower than the rates reported by other studies. Axelsson 
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Baidas et al presented with variations of sella turcica morphology. In a study conducted by Mahmood et al, 29 the normal morphology was seen in ~66% of subjects, and variations were present in 34% of subjects.
Our study found no significant differences in the shape of the sella turcica related to age or skeletal type between subjects with impacted canines and subjects with erupted canines. No similar studies comparing these factors with sella turcica shape were found in the literature.
The clinical importance of the present study is that it may assist in the early detection of canine impaction. The timing of preventive treatment of impacted canines is of vital importance for successful treatment outcomes. Therefore, if canine impaction is detected early and interceptive measures are promptly undertaken, the ongoing dilemma associated with canine impaction could be avoided. Additionally, it could result in a reduction in the duration, expense, and effort of orthodontic treatment. The orthodontist should become familiar with the different shapes of the sella turcica area to help distinguish pathology from normal development patterns.
Although the research fulfilled its aims, there were some limitations that may have affected the validity of this study. First, because of time limitations, the research was conducted with relatively small groups. Second, the cephalometric tracing was done on two-dimensional lateral cephalometric radiographs that have significant anatomical superimposition and display the sagittal plan with no illustration of the transverse and frontal plans. Future studies should increase the sample size and include Class III subjects in a random selection to generalize the results for larger groups. Additionally, recent developments in computed tomography in the dental field have resulted in the ability to take scans of a specified area, avoiding unneeded exposure of the excluded structures. This would provide the added advantage of measurement accuracy in all three dimensions with no superimposition.
Conclusion
From this study, it can be concluded that 1. Subjects with palatally impacted canines had a sella turcica with a significantly smaller length, diameter, and depth. 2. The effects of age on the size of sella turcica were significantly related to diameter and depth. 3. The frequency of sella turcica bridging is higher in subjects with palatally impacted canines. 4. The chance of having partial or complete bridging in subjects with palatally impacted canines is three times higher than in those with erupted canines.
5. Approximately 56% of the investigated subjects had a normal sella turcica.
